In the Two-Higgs-Doublet Model(2HDM) with large extra dimensions(LED), we study the contributions of virtual Kaluza-Klein(KK) gravitons to 2HDM charged Higgs production, especially in the two important production processes e + e − → H + H − and e + e − → H − tb, at future linear colliders (LC). We find that KK graviton effects can significantly modify these total cross sections and also their differential cross sections compared to their respective 2HDM values and, therefore, can be used to probe the effective scale Λ T up to several TeV. For example, at √ s = 2 TeV, the cross sections for e + e − → H + H − and e + e − → H − tb in the 2HDM are 7.4fb for m H − = 150 GeV and 0.003fb for m H − = 1.1 TeV and tan β = 40 , while in LED they are 12.1fb and 0.01fb, respectively, for Λ T = 4 Tev.
I. INTRODUCTION
The idea that quantum gravity can appear at the TeV energy scale well below the Planck mass M p ∼ 1.2 × 10
19 GeV was proposed in the 1990's [1, 2, 3, 4, 5, 6] . The large extra dimensions(LED) model [1] introduced by Arkani-Hamed, Dimopoulos and Davli has attracted much attention. It has been emphasized that the presence of large extra dimensions brings a new solution to the hierarchy problem, which can take the place of other mechanisms, for example, low-energy supersymmetry. However, it also interesting to examine a scenario which combines new physics beyond the Standard Model(SM) such as the 2HDM [7] and LED.
This new possibility leads to different phenomenology than the usual LED scenario,which we explore here.
In this extended LED scenario, as in the usual LED scheme, the total space-time has D = 4 + δ dimensions. The SM and new particles beyond the SM live in the usual 3 + 1−dimensional space, while gravity can propagate in the additional δ-dimensional space, which is assumed for simplicity to be compactified on the δ-dimensional torus T δ with a common radius R. Then the 4-dimensional Planck scale M p is no longer the relevant scale but is related to the fundamental scale M s as follows [1, 8] :
where M s ∼ TeV. According to Eq. (1), deviations from the usual Newtonian gravitational force law can be expected at distances smaller than R ∼ 2.10 −17 10 32 δ cm [8] . For δ ≥ 2, LED is consistent with the current experiments [9] since gravitational forces are not yet well probed at distances less than sbout a millimeter (However for δ = 2, there are constraints arising from, e.g., supernova cooling, which require M s ≥ 10 − 100TeV if δ = 2 [8] ).
2HDM LED can be tested at future high energy colliders. In 2HDM LED, just as in LED, there exist KK towers of massive spin-2 gravitons and scalars which can interact with the SM and beyond SM fields. There are two classes of effects that can probe LED: real graviton emission and virtual KK tower exchange.
At future linear colliders the search for one or more Higgs bosons will be a central task.
In the SM, the Higgs boson mass is a free parameter with an upper bound of m H ≤ 600 -800 GeV [10] . Beyond the SM, the 2HDM is of particular theoretical interest, in which the two complex Higgs doublets correspond to eight scalar states and spontanoues symmetry breaking leads to five physical [12, 13] is one of the most important single charged Higgs production processes that can also be used to measure the relevant Yukawa couplings. Therefore, for this process, we will focus on the regime where
(1000 GeV), this implies that 250 < m H ± < 320 GeV (500 < m H ± < 820 GeV).
There are several kinds of such 2HDM models. In the model called type I, one Higgs doublet provides masses for both the up-type and down-type quarks. In the type II model, one Higgs doublet gives masses to the up-type quarks and the other one to the down-type quarks. In the type III model, both doublets contribute to generate the masses for up-type and down-type quarks. In this paper, we will concentrate on the type II 2HDM(2HDM II), which are is favored by the Minimal Supersymmetric Standard Model (MSSM) [14] . We will also briefly discussed the results in the type I 2HDM.
In the following we consider the the contributions of virtual KK gravitons to the 2HDM charged Higgs production, especially in the two important production processes e + e − → H + H − and e + e − → H − tb at future linear colliders. The presentation is organized as follows:
In Sect. II we present the calculations. In Sect. III we give the numerical results and discuss them. Sec. IV contains a brief conclusion.
II. ANALYTIC CALULATIONS
In this section we derive the cross section for 2HDM charged Higgs production. The 2HDM diagrams, including the additional virtual KK gravitons(G 
The 2HDM Feynman diagrams and graviton mediated diagrams for e + e − → H + H − at the tree level.
The 2HDM Feynman diagrams and graviton mediated diagrams for e + e − → H − tb at the tree level.
In the four dimensional description the interaction Lagrangian between the scattering fields and the KK gravitons (G
where n = (n 1 , n 2 , .., n δ ) with n i 's being integers,
GeV is the reduced four dimensional Planck scale, and T µν is the energy-momentum tensor of the scattering fields. The n-th KK mode graviton and scaler masses squared are both characterized by m
Since the trace of the energy-momentum tensor is proportional to the mass of the fields due to the field equations, we neglect processes mediated by the KK scalars in our study for the linear e + e − collider, and consider only the processes mediated by the KK gravitons.
From Eq . (2) we can derive the relevant Feynman rules to be used in our calculations, which can be found in Ref. [15, 16] . The numerator of the graviton propagator P µναβ in the unitary gauge [15] , is given by:
where η µν is the Minkowski metric. The dots represent terms proportional to the graviton momentum q µ , and since q µ T µν = 0, give a vanishing contribution to the amplitude. Note that the the numerator of the graviton propagator in Ref. [16] is twice Eq. (3) and is the same as presented in Ref. [15] . However, the coupling constant squared in Ref. [15] , i.e., (2) is twice the one in Ref. [16] . Hence the results in the two references are consistent and we have been careful of this issue in our calculations.
We can write the amplitudes for the Feynman diagrams shown in Figs.1 and 2 as follows:
with
where and, therefore, in the limit of vanishing electron mass, this contribution also vanishes [17] .
G in Eq. (5) represents the summation of the KK excitation propagators. If the summation over the infinite tower of the KK modes is performed, one will encounter ultraviolet divergences. This happens because LED is an effective theory, which is only valid below an effective energy scale. In the following calculations we naively introduce an ultraviolet cutoff for the highest KK modes and replace the summation by [15] 4π Λ
where Λ T is a cutoff scale naturally being of the order of the fundamental scale M s .
Finally, the cross sections for the charged Higgs production processes in LED following from the amplitudes are:
and the final state phase space hypercube elements are defined as
III. NUMERICAL RESULTS
In the numerical calculations, we used the following set of SM parameters [18] :
For the Yukawa coupling of the bottom quark at the H − tb vertex, as suggested by Ref. [13] , we used the top quark pole mass and the QCD improved running mass m b (Q) with m b (m b ) = 4.25 GeV, which were evaluated using the NLO formula [19] as follows:
Here the evolution factor U f is
and f is the number of active light quarks. For the energy scale Q, we chose Q = 3 √ m t m b m H − as in Ref. [13] for e + e − → H − tb.
A. e + e − → H + H −
In Fig. 3 we show the dependence of the the cross sections in 2HDM II and LED for the process e Moreover, the LED contribution has peaks in both the forward and backward regions and also vanishes at three points: cos θ = 0 and ±1, as found in Ref. [20] , since it is proportional
T and thus to cos 2 θ sin 2 θ.
B. e + e − → H − tb
In Fig. 7 , we show the dependence of the the cross section in the 2HDM II and LED for the process e In Fig. 8 , we present the dependence of the cross section in the 2HDM II and for LED for the process e + e − → H − tb on tan β assuming √ s = 1000 GeV and m H − = 520 GeV.
Observe that the cross section in both the 2HDM II and LED exhibit minima close to tan β ≈ m t /m b ≈ 6, since the average strength of the tbH − coupling, which is proportional to m
, is then minimal [21] . From these figures one also sees that when Λ T = 2 is small(< 2.5 TeV) and m H − is also small(< 600 GeV) the LED effects are large for √ s = 1 TeV.
In Fig. 9 the cross sections in the 2HDM II and LED for the process e In Fig. 10 we show the dependence of the cross section in the 2HDM II and LED for the process e + e − → H − tb on the effective energy scale Λ T assuming m H − = 260, 550, and1100 GeV, and √ s = 500, 1000, and 2000 GeV, respectively. As expected, when √ s is fixed the LED cross section tends to the value in the 2HDM II when Λ T becomes very
large. This figure also shows that for large √ s and small Λ T the LED effects can be very large. For example, when √ s=2 TeV and Λ T =4 TeV the cross section in the 2HDM II is 0.006fb, while in LED it is 0.013fb.
In Fig. 11 we show the differential cross sections dσ/dP T (H − ) in the 2HDM II and LED for the process e + e − → H − tb as functions of the transverse momentum of the charged Higgs boson P T assuming m H − = 520 GeV, √ s = 1000 GeV, and Λ T = 1500 GeV, 2000 GeV, 2500 GeV and 3000 GeV. since the H − tb coupling is proportional to cot β in the type I model. However, the LED effects will be similar: large effects when √ s is large and Λ T is small.
Finally, we briefly discuss the experimental sensitivity. We will assume that the LED effects can be observed, if [22] 
where the integrated luminosity L are assumed to be 500f b 
